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Dispatch
R659job alone. In chicken, andmost likely all
birds, Dmrt1 has usurped the top
position as themaster regulator ofmale
development [7,14]. Also, in Xenopus
laevis and the Medakafish (Oryzias
latipes), an additional gene copy of
Dmrt1 became the primary sex
determiner [15–18].
New sex determination mechanisms
are known to evolve rapidly. The
inherent switch function of the Dmrt1
gene made it obviously very suitable
for selection as a new controller at
the top. Not surprisingly, in other
situations of plasticity, namely sex
change as it occurs, for instance, in
a number of fish species, the transition
from one to the other sex is
characterized by up-regulation of
Dmrt1 once the gonad switches
towards male and vice versa [5].
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of Histone Dispersal Patterns
for EpigeneticsHistones are widely believed to carry regulatory information across cell
generations. A recent study suggests limits to this model by measuring
dispersal of ancestral histones in yeast.Nicole J. Francis
Chromatin structure is widely believed
to carry heritable gene regulatory
information in eukaryotes, allowing
epigenetic inheritance of gene
expression patterns. The wide array
of histone modifications has led to
the suggestion that the histones
themselves may be important carriers
of information [1,2]. This is an attractive
hypothesis because the histones are
intimately associated with the DNA that
they are purported to regulate, and
because parental histones are known
to segregate to newly replicated DNA
[3]. Furthermore, for many histone
modifications, the histone-modifying
enzyme itself, or a protein it associateswith, recognizes the modification it
creates, providing a mechanism to
propagate modifications (referred to
as ‘spreading’) [4]. This hypothesis
is challenged by histone disruption
caused by DNA replication and
transcription, as well as
replication-independent turnover
of histones [5,6]. Thus, understanding
the extent and time scale over which
histones are dispersed is central to
considerations of histones as carriers
of epigenetic information.
In a recent issue of PLoS Biology,
Radman-Livaja and colleagues [7] used
a genome-wide mapping strategy to
measure dispersal of parental histones
in yeast over several generations.
To label ‘ancestral’ histones, arecombination system developed by
van Leeuwen [8] was used to switch
epitope tags on Histone H3 expressed
from its endogenous locus. Histone
H3 tagged with HA was expressed
constitutively to label the pool of
ancestral histones; recombination is
then induced so that HA-histone H3 is
no longer expressed, but instead T7-H3
is expressed. Thus, old (HA) histones
can be distinguished from new (T7)
histones. T7- and HA-tagged
nucleosomes were mapped across
the genome, and the ratio of HA to T7
used to monitor ancestral histones for
several generations.
The ancestral histones do not show
a uniform pattern across the genome
as might be expected if they are mainly
stable and dispersed randomly by DNA
replication (Figure 1). Instead, ancestral
histones accumulate at the 50 ends of
transcribed genes (which cover much
of the yeast genome). A mathematical
model was developed to describe the
change in the distribution of ancestral
histones over generations with three
parameters describing histone
dispersal. The first is histone turnover
(replacement of ancestral histones with
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Figure 1. Histone dispersal mechanisms shape the pattern of ancestral histone distribution.
Diagrams above the graph show mechanisms of histone dispersal. Ancestral histones are
blue, and new histones red. Turnover dominates the pattern near the transcription start site,
while passback creates accumulation in the 50 region. Spreading by replication is assumed
to be uniform. Adapted from Figure 4 of [7].
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R660new ones), which has been measured
genome-wide in yeast [9]. The second
is transcription-dependent ‘passback’
from 30 to 50, which was modeled as
an independent parameter at each
transcription unit (also observed
in [6]). Finally, a global DNA
replication-mediated dispersal
parameter was determined assuming
a symmetric and diffusive spread of
histones, leading to a symmetric
Gaussian distribution about the original
position independent of the direction
of DNA replication. The global DNA
replication dispersal parameter that
best fit the data allows histones to
disperse 400 base pairs in either
direction. This predicts that most
histones are maintained within two
nucleosomes of their original site.
An additional parameter was included
to account for the high, but not
complete (estimated at 98%),
conversion of HA-histone H3 to
T7-histone H3.
These results imply that
histone-based information cannot
reliably maintain information linked
to small (one nucleosome-sized) DNA
regulatory elements through DNA
replication, but that small clusters
of similarly modified histones could
maintain information. In transcribed
regions where histone passback
occurs, and at promoters where
extensive histone turnover occurs,
maintaining a pattern of histonemodifications through the cell
cycle would require constant
re-establishment. Together these
results suggest that histone
modification-based epigenetic
inheritance is plausible for silent states,
but less so for active ones. This is
consistent with the observation that
many chromatin-based silencing
events involve histone modifications
overmanynucleosomes. It also fitswith
previous modeling work indicating that
a few similar nucleosomes can be very
stable if positive feedbackmechanisms
to restore histone modifications occur
at even relatively moderate rates [10].
Importantly, silencing-based spreading
of modifications does not necessarily
require that ancestral histones be
stably maintained at silenced loci.
If ancestral histones are inherited
through DNA replication with their
modifications, they only need to be
stable for long enough to ensure
sufficient modification of nearby new
nucleosomes to maintain the silenced
state. This might explain why silenced
regions of the yeast genome did not
show accumulation of ancestral
histones. Importantly, the observed
histone dispersal is also consistentwith
the suggestion that many transcription
states, which are controlled by small
cis-regulatory elements, are
maintained by DNA-binding proteins,
whose binding can actually be
facilitated by histone turnover [5,9].Mechanistically, the Radman-Livaja
model suggests reassembly of parental
histones occurs rapidly (discussed in
[11]), which is consistent with early work
suggestingnucleosomesareassembled
within a few hundred base pairs of the
replication fork (e.g., [12,13]), evenwhen
no new nucleosomes are assembled
(reviewed in [3]). The model captures
histone behavior during DNA replication
with a parameter that assumes histones
can be dispersed symmetrically in either
direction relative to their starting
location, which seems surprising
since the DNA behind a nucleosome
becomes available before that in front of
it. For the histones to be reassembled at
a location in front of where they started
would require that their reassembly be
delayed for at least the few seconds
required to replicate through the next
nucleosome (based on replication rates
in [14]). In this light, it would be
interesting to repeat the data analysis
on the basis of replicons to determine
whether the dispersal is skewed
because of the local direction of
replication.
To begin to investigate the
mechanisms of histone dispersal, the
mapping experiment was repeated in
several mutant yeast strains. Mutation
of the main topoisomerase in yeast,
or of the amino-terminal tail of histone
H4, reduced transcription-related
movement of histones towards the 50
ends of genes (passback). Surprisingly,
deletion of the main subunit of
Chromatin Assembly Factor 1,
previously implicated in
replication-coupled chromatin
assembly [15,16], changed the
histone dispersal pattern in a manner
consistent with reduction of histone
turnover at gene promoters. None of
the mutations tested had a clear effect
on replication-dependent dispersal,
although two histone chaperones that
may play a role in replication, the Hir
complex and Asf1, could not be tested
due to lethality of mutant strains. The
finding that different mutations affect
different aspects of the dispersal
pattern reinforces the idea that multiple
mechanisms contribute to histone
dispersal and provides the basis for
mechanistic follow-up.
In summary, the work of
Radman-Livaja et al. [7], along with
previous work from several groups
on histone turnover [5] and
transcription-dependent disruption [6],
poses significant challenges to the
simple idea that highly stable
Dispatch
R661nucleosomes and their modifications
function as epigenetic information. It
will be important going forward to
extend this type of analysis to larger
eukaryotic genomes, where the
influence of transcription on chromatin
structure is less pervasive. It will also
be important to develop systems to
map histones from a single
nucleosome through replication at high
resolution, and to determine if dispersal
is actively regulated to be more
restricted at some locations in the
genome than others.
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All Vertebrates Do Have VertebraeIn contrast to lampreys and jawed vertebrates, hagfishes were thought to lack
vertebrae. Now, long overlooked vertebral rudiments have been analysed in
hagfish, suggesting that vertebrae existed in the last common ancestor of
all vertebrates.Philippe Janvier
Living vertebrates fall into two major
groups, jawless and jawed vertebrates.
When Linnaeus [1] defined the
zoological group we now call
‘vertebrates’, he referred to them as
‘vertebrata craniata’, that is, animals
with a vertebral column and a skull. At
that time, he considered that lampreys,
although lacking jaws, could be some
kind of ‘degenerate’ cartilaginous fish,
possibly allied to sharks. However, he
was hesitant about the systematic
position of hagfishes, and first
considered them as ‘intestinal worms’,
because hagfishes are scavengers and
are often found inside dead fish. Later,
Abildgaard [2] showed that hagfishes
are actually fishes and somewhat similar
to lampreys. Soon after, Dumeril [3]
confirmed this anatomical resemblance,
and therefore classified lampreys and
hagfishes in the same group, called
Cyclostomi (cyclostomes), because
they both lack paired fins and true jaws,
and share a single median nostril,a tongue-like feeding device armed
with horny teeth, pouch-shaped gills
and an entirely cartilaginous skeleton.
With the rise of evolutionary thought,
the cyclostomeswere then regarded as
an early offshoot of the vertebrate tree,
which might have diverged before the
jawed vertebrates, or gnathostomes.
However, Linnaeus’ old intuition that
lampreys were somehow ‘degenerate’
fishes was still latent in the mind of the
zoologists of the nineteenth century,
who generally thought that hagfishes
were even more ‘degenerate’ than
lampreys. This is also how they
interpreted the apparent lack of any
vertebral skeletal elements in
hagfishes; a question that has been
revisited with surprising results in a
recent paper by Ota et al. [4]. On the
basis of developmental and gene
expression data, the authors conclude
that hagfishes do indeed possess what
looks like rudiments of vertebrae.
These rudiments form from embryonic
tissues that express cognates of
Pax 1/9 and Twist genes, exactly likethose which give rise to the vertebrae
in jawed vertebrates.
Paraphyletic Cyclostomes?
In the early twentieth century, some
cyclostome-like features, such as
amedian nostril, were discovered in the
425–360million year-old ostracoderms,
an ensemble of fossil, armoured,
jawless and essentially marine
vertebrates. This discovery seemed
to support the view that hagfishes
and lampreys were derived — perhaps
independently — from these
Palaeozoic fishes, through an extensive
loss of the dermal skeleton, a
simplification of the braincase and a
loss of paired fins [5]. Yet, all jawless
fishes, fossil and recent, were regarded
as belonging to the same clade
(monophyletic group), the Agnatha, a
sister group to the gnathostomes.
This became the predominant view
during most of the twentieth century,
until the 1980s when the morphological
distinction between the jawless
and jawed vertebrates began to
progressively break down. In
palaeontological circles, a first surprise
came with the discovery of the first
fossil lamprey, Mayomyzon, from
300 million year old sediments from the
USA [6]. This age makes them merely
70 million years younger than the last
ostracoderms from which cyclostomes
were supposed to be derived. The
striking resemblance between
